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Introduction

In RAN1#113, the following working assumptions and agreements were made [1]:
Agreement
If PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided:
· The agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource
· The same repetition factor is applied for PUCCH for Msg4 HARQ-ACK and subsequent PUCCH transmissions by using common PUCCH resource
· Note: It is not precluded for gNB to provide dedicated PUCCH config via Msg4 PDSCH.

Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported


Agreement
For NTN-specific PUSCH DMRS bundling, one or more of the following is down-selected for actual TDW determination.
· Actual TDW is determined by the existing events and,
· Alt A: No additional event
· i.e., no spec impact is assumed for actual TDW determination.
· Alt B: New event of TA pre-compensation timing dynamically indicated by gNB
· i.e., TA pre-compensation timing can be dynamically indicated by gNB
· Note: UE can perform TA pre-compensation update at the indicated timing
· FFS: detailed indication
· Alt C: as dynamically indicated by gNB
· i.e., actual TDW can be dynamically indicated by gNB
· FFS: detailed indication
· Alt D: New event based on epoch time
· FFS details
· Alt E: New event based on antenna switching


Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
· DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.



[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we discuss remaining issues for PUCCH for Msg 4 HARK-ACK repetitions and  DMRS bundling for PUSCH. 

Msg4 HARQ-ACK 
It is a working assumption that network can configure a RSRP therhold for PUCCH repetitions for Msg4 HARQ-ACK. Whether the RSRP threshold can be the same as R17 Msg3 repetition or not is still FFS. Since the exact SNR level below which  Msg4 HARQ-ACK repetition is required differs from that for  Msg3 repetition, network should be allowed the flexibility to configure the RSRP therhold for Msg4 HARQ-ACK repetition independent of that for Msg3 repetition. It should be noticed that the necessity of the RSRP threshold may be questionable in some cases, hence the configuration of RSRP threshold should be optional. Hence we have the following proposal.
[bookmark: _Hlk134735037]Proposal 1: For the determination of  whether or not a UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or capability indication,  a new RSRP threshold can be optionally configured for PUCCH repetition for Msg4 HARQ-ACK.
· When not configured, a UE capable of PUCCH repetition for Msg4 HARQ-ACK always indicates its capability. 


DMRS Bundling
The max TDW that a UE can support depends on UE implementation. Whether UE can perorm TA pre-compensation update during a TDW affects the max TDW size that the UE can support but is not required to be known by the network.  It’s UE’s responsibility to ensure compliance of  relevant requirements during a TDW, such as the phase continuity requirement defined in Table 6.4.2.5-1 of TS 38.101-1 [2].
For certain UE implementation, max TDW size that a UE can support may differ largely depending on the Doppler. Consequently, it has been proposed to report different max TDW size depending on the type of satellites and/or elevation angles. Although it’s plausible to allow UE to report  different TDW capabilities for different elevation angles, additional meachnisms and signalings are needed to ensure network and UE  have the same understanding of UE’s capability at a time. For instance, in an quasi earth-fixed cell, the elvation angle seen by a UE may change from -300 to 300  as satellite moves. To ensure the same understanding of the max TDW per PUSCH between network and UE is not trivial. A better approach is to have UE report max TDW size per platform. Since the maximal Doppler in LEO is about twice of that in MEO and substantially higher than in GEO and HAPS, we suggest to report max TDW per platform: GEO/HAPs and NGSO.
Proposal 2: For NR NTN DMRS bundling, UE reports  a max TDW size for GEO/HAPs and a max TDW size  for NGSO.
· Whether or not to perform TA precompenstion update during a TDW is up to UE implementation.


In addition, it has been shown that transmit antenna switching provides significant perormance gain. Consider a UL transmission that requires 16 consecutive slots, two DMRS bundling windows of 8 slots each provides more than 1.5 dB gain than one DMRS bundling window of 16 slots [3]. For a UE capable of DMRS bundling size 16 and transmit antenna switching, it is preferred to have  8 slots for TDW instead of 16 slots. To enable approriate TDW size, UE capability of transmit antenna switching should be supported when UE indicates that the maximal TDW size is greater than 1.
[bookmark: _Hlk134735212]Proposal 3: For NTN, supports capability signaling of transmit antenna switching for UEs that indicates capable of more than 1 slots for the maximal TDW size.
For UEs capable of transmit antenna switching, network should be given the flexibility to disable or enable  transmit antenna switching for the same reasons of  network configuration of  the nominal TDW length.  
Proposal 4: Support network RRC configuration to disable a UE’s transmit antenna switching that affects TDW sizes. 
For UEs with multiple antenna ports, more transmit antenna switchings during a PUSCH could bring more diversity gain. Doing so, the actual TDW size will be reduced and hence may degrade the overall performance. A good tradeoff is to ensure that there is one transmit antenna switching during a PUSCH. If there are more than one TDWs, UE are free to perform transmit antenna switching between two TDWs. Hence, we only need to modify the procedure for TDW determination when there is only one  nominal TDW without considering transmit antenna switching.  When the nominal TDW duration is configured, UE may consider the antenna switching is disabled.  The new procedure considering transmit antenna switching is depicted as in the following figure.


Figure 1 Flow chart of TDW determination with transmit antenna switching.

Proposal 5: For NTN-specific PUSCH DMRS bundling, legacy procedure for determining TDWs as defined in Sec. 6.1.7 of 38.214 is reused except the following:
· For UE capable of and enabled with transmit antenna switching, if the number of nominal TDWs determined using the legacy procedure is equal to 1, UE calculates a new nominal TDW duration as nominalTDWLength_new = ceil(nominalTDWLength/2), and determines the nominal and actual TDWs using the nominalTDWLength_new following the legacy procedure.
· UE considers txAntSwitching disabled when nominal TDW duration is configured.


Conclusions
In this contribution, we have discussed remaining for coverage enhacemnts for NR NTN with the following proposals:
Proposal 1: For the determination of  whether or not a UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or capability indication,  a new RSRP threshold can be optionally configured for PUCCH repetition for Msg4 HARQ-ACK.
· When not configured, a UE capable of PUCCH repetition for Msg4 HARQ-ACK always indicates its capability. 

Proposal 2: For NR NTN DMRS bundling, UE reports  a max TDW size for GEO/HAPs and a max TDW size  for NGSO.

Proposal 3: For NTN, supports capability signaling of transmit antenna switching for UEs that indicates capable of more than 1 slots for the maximal TDW size.

Proposal 4: Support network RRC configuration to disable a UE’s transmit antenna switching that affects TDW sizes. 

Proposal 5: For NTN-specific PUSCH DMRS bundling, legacy procedure for determining TDWs as defined in Sec. 6.1.7 of 38.214 is reused except the following:
· For UE capable of and enabled with transmit antenna switching, if the number of nominal TDWs determined using the legacy procedure is equal to 1, UE calculates a new nominal TDW duration as nominalTDWLength_new = ceil(nominalTDWLength/2), and determines the nominal and actual TDWs using the nominalTDWLength_new following the legacy procedure.
· UE considers txAntSwitching disabled when nominal TDW duration is configured.
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